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1. 基于胶体微球刻蚀技术和 MEMS 硅体刻蚀技术联用，通过粒径为 200 nm
的荷电聚苯乙烯球（PS）单分散自组装并结合镀 Cr 层作为掩膜层，利用 ICP 刻
蚀，然后结合 MEMS 腐蚀技术，制备了孔径为 200 nm 的悬浮氮化硅纳米多孔膜。




































































Cellular membrane is an important component of cell and closely related to 
many life phenomena, such as energy conversion of cell, information recognition and 
transport. Phospholipid Bilayer are self-assembly, dynamic and closely similar to 
cellular membranes, and can be used for fundamental studies of cellular membranes at 
molecular level, which is very difficult to achieve with natural biological membrane 
owing to their complexities in components, structures, and functions. Studies of the 
phase transition behavior of phospholipid bilayer benefit understanding the 
physiological mechanism of natural biological membrane and the applications of 
phospholipid bilayer. 
In this work, we focus on the preparation of phospholipid bilayer and the 
investigation of the phase transition behavior of phospholipid bilayer. Supported 
bilayer lipid membranes and free-standing bilayer lipid membranes were prepared by 
vesicle rupture on Si(100) and Silicon-based nanoporous membranes. We utilized 
temperature-dependent atomic force microscopy to examine the gel-fluid phase 
transition behavior in supported bilayer lipid membranes and free-standing bilayer 
lipid membranes. The main contents and results are as follows: 
(1) We fabricated suspended nanoporous silicon nitride membranes on a silicon 
wafer by combined colloidal lithography and standard silicon fabrication technology. 
Polystyrene particles (PS) were monodispersed on a Si3N4 membrane based on 
electrostatic repulsions. This was followed by Cr masking, ICP etching and silicon 
wet-etching processes to form 200-nm nanopores through suspended nitride 
membranes. 50-60 nm small unilamellar vesicle and 1.5-2 μm large unilamellar 
vesicle were prepared by ultrasonic method and electrically induce method. Supported 
bilayer lipid membranes and free-standing bilayer lipid membranes could be prepared 
by small unilamellar vesicle. But, preparing bilayer lipid membranes by large 
unilamellar vesicle shows much higer probability of success rate, and self-repair of 
free-standing bilayer lipid membranes was observed by AFM. 
(2) Supported bilayer lipid membranes were characterized by variable 
temperature atomic force microscopy (AFM). The results indicate that with the 
change of temperature, supported bilayer lipid membranes display a phase transition 
from a solid-ordered phase to a liquid disordered phase. 















with the rise of temperature. It is consistent with that of the supported bilayer lipid 
membranes. However, the tether force decrease with the rise of temperature, which is 
different from that of supported bilayer lipid membranes. 
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双层膜（free-standing bilayer lipid membranes，简称 BLMs），BLMs 能很好地模
拟细胞内外的环境，但是 BLMs 较差的稳定性制约了其应用。田心棣等人[4, 5]在




平面磷脂双层膜（包括 BLMs 和 s-BLMs）作为一个常用的人工仿生膜体系，
被广泛用于探究磷脂双层膜的各种性质。而在磷脂双层膜的各种性质研究过程
中，磷脂双层膜的相变行为成为人们研究的热点课题。本章首先介绍平面磷脂双



















§ 1.1 人工仿生生物膜体系 




从 20 世纪 60 年代发现囊泡以来[8]，囊泡技术在生物和药物研究中得到了广泛的
应用。囊泡主要分为多层囊泡（multi-lamellar vesicle，MLV）和单层囊泡
（unilamellar vesicle），如图 1.1 所
示。其中，单层囊泡根据粒径的大













振摇，就可以得到 MLV 的悬浮液。这样制备的多层囊泡大小不均匀，一般在 0.2~1 
μm。 
2）SUV 的制备 
制备 SUV 的方法主要有三种： 
最简便常用的方法是超声法，将制备的 MLV 悬浮液超声处理，在超声波的
影响下，囊泡会重组形成粒径较均一的单层囊泡，其粒径一般为 25~50 nm。 
第二种方法是注入法。将磷脂的乙醇溶液快速注入缓冲液中，自发在缓冲液
Fig.1.1 Schematic diagram of unilamellar 















Fig.1.2 Formation of liposome-like structures on the anode (+ ) and cathode ( - ) 
from DMPC in distilled water at 30℃, and 1.2 V d.c. The effective dried lipid 
layer thickness corresponds to 12 bilayers. The bar represents 100 μm.[10] 
中形成 SUV。这种方法制备的 SUV 粒径一般为 30~100 nm。 
第三种方法是排挤法。用高压将 MLV 悬浮液通过一个 French 滤器，多次排
挤后可以得到大小均一，粒径为 25~50 nm 的小单层囊泡。 
3）LUV 的制备 
相对于 MLV 和 SUV 而言，LUV 的制备要更难一些，而且制备的 LUV 更加









第三种方法为融合法。将 SUV 融合起来形成 LUV，融合过程能够包裹部分
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